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GENERAL INTRODUCTION 
Introduction 
Evolution of fluoropolymers 
Historically, fluorinated polymers have been linked to applications in the military and 
for national defense. Almost immediately after the discovery of poly(tetrafluoroethylene) 
· (Figure 1) inl 938, by Dr. Roy Plunkett, it was used in equipment developed for separating 
uranium isotopes in the Manhattan project. 1 It was also used as a coating for artillery shells 
during World War II.2 Both applications required light-weight materials with enhanced 
thermal, chemical and oxidative stability. During that time, poly(tetrafluoro-ethylene) 
(PTFE) was the only synthetic material available, which could provide those unique 
properties. 
+¢-¢1-F F) n 
Figure 1~ Poly(tetrafluoroethylene) 
Although PTFE possessed unique properties that had not been observed in other 
synthetic materials, it did have limitations. Examining those limitations helps to explain the 
evolution of fluorinated materials. As a highly crystalline polymer, PTFE was noted for its 
high purity, chemical resistance, excellent dielectric properties and low surface energy. 2 
2 
However, it was not the solution to every high performance material needed. Unless PTFE 
was reinforced, creep (cold flow) caused early deformation which led to the failure of the 
material.2 Also, processing PTFE was difficult du~ to its high molecular weight and high 
crystallinity.2 In order to further enhance PTFE's properties, other functional groups were 
incorporated into the polymer chain. For example, combining 2,2-bis(trifluoromethyl)-4,5-
difluoro-l,3-dioxol~ (Figure 2) with tetrafluorethylene (TFE) lowered the crystallinity and 
molecular weight of the resulting polymer, allowing for easier processability while retaining 
the outstanding chemical, thermal and electrical properties of PTFE.2 
Figure 2. 2,2-bis(trifluoromethyl)-4,5-difluoro-l ,3-dioxole 
Due to the success of copolymers made with TFE, new classes of fluorinated 
polymers began to emerge. During the late 1940's, a fluorinated elastomer appeared on the 
· ·market. It was made from 2-fluoro-1,3-butadiene (Figure 3).2 This new.material began with 
a promising future. The newly developed aerospace industry was placing higher demands on 
existing rubber materials in seals and hoses. This prompted the exploration for new materials 
with better heat and fuel resistance. Fluoroelastomers provided the aerospace industry with 
robust materials that could perform under harsh conditions. As technology continued to 
advance over the next twenty years, new materials were again needed. Fluorosilicones 
(Figure 4) and perfluoroelastomers (Figure 5) became the new choice for seals, gaskets and 
3 
Figure 3. Poly(2-fluoro-1,3-butadiene) Figure 4. Poly[methyl(3,3,3-tri-
fluoropropyl)siloxane] . 
Figure 5. Poly[tetrafluoroethylene-co-(1, 1, 1-trifluoromethyoxy)ethylene] 
lubricants used in military equipment.2 Today, these kinds of fluoropolymers also appear in 
the automotive industry as gaskets, washers, di.aphragms and seals. 
Military technological advancement continues to initiate research and development of 
fluoropolymers. In addition to military applications, fluorinated products are also being 
developed and marketed for the general population. Gortex® materials and Scotchgard® 
coatings are commonly found in many households in items such as clothing, shoes,and spray 
on coatings for fabrics.2 Fluoropolymers are present in our cars, computers and watches and 
can even be found as protective barriers on skyscrapers. 2 
Currently, the microelectronic industry is a rapidly expanding market for 
fluoropolymers. The two main areas of interest deal with high speed data transmission over 
cables for the internet and optical communiC:ation cables.2 In this industry, materials with 
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low refractive indices, low signal losses and low water absorption are desired. 2 In addition, it 
is necessary for these materials to maintain structural integrity after a thermal or electrical 
overload as well as be highly flame retardant and form non-conductive char.2 Due to their 
unique pr~perties, fluoropolymers are excellent candidates for these types of applications.2 
Fluorine's effect on polymer properties 
As technology advances, new materials are continuously being· synthesized to replace 
existing materials that can no longer perform to the increased specifications or withstand the 
rigors placed upon them. Often, the versatility of fluoropolymers makes them ideal materials 
for these new technological advancements. Fluorinated polymers can have a wide spectrum 
of uses, such as insulating, highly capacitive or eve? piezoelectric materials. 3 These unique 
characteristics of fluoropolymers are due to the presence of fluorine. It is fluorine's inherent 
properties such as its electronegativity, size, effective nuclear charge and bond strength with 
carbon that help create these remarkable macromolecules. 3 
By looking at the molecular level, we can begin to explain these extraordinary 
properties of fluoropolymers. Fluorine's small size and effective nuclear charge gives it the 
highest electronegativity of any-element.4 Bonds between fluorine and other atoms are more 
ionic than covalent because of fluorine's high electronegativity. Most of the unique behavior 
of fluorinated materials can be directly ass?ciated with the ionic distribution of electrons in 
C-F bonds.3 The ionic nature of these bonds account for the favorable thermal and chemical 
inertness observed in fluorinated materials.3 "The chemical inertness of fluoropolymers stems 
from the high charge.density centered on fluorine, which acts like a sheath. The sheath 
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creates a b~rrier to chemical attack, protecting the weaker bonds in a molecule.2 In addition 
to this increase in thermal and chemical inertness, :fluorinated materials are difficult to 
polarize. Since the electrons are held so tightly by the :fluorine atom, polarization of 
:fluorinated polymers is minimized, resulting in materials with low dielectric constants.3 
The low polarizability of the C-F bond also influences molecular interactions. 
Molecular attraction energy decreases significantly with decreasing polarizability, leaving 
weak intermolecular forces between :fluorinated materials. 3 Without dipole forces, induction 
forces or hydrogen bonding, the intermolecular forces associated with most :fluorinated 
. materials are classified as dispersion forces.3 These weak intermolecular interactions lead to 
low surface tension. 3 Surface tension is measure of the difference in interaction energy 
between molecules in the bulk phase compared with those at the surface. 3 It is defined as the 
change in free energy with a change in surface area.3 Fluorinated materials, with their weak 
intermolecular interactions, lose minimal free energy when their surface area is increased; 
therefore, most :fluoropolymers have low surface energies. 3 
Weak intermolecular interactions also minimize the frictional forces of :fluorinated 
materials. Frictional forces are defined as the energy required to move an object across the 
. surface of a material.3 The energy required is directly proportional to the molecular 
interactions that are disturbed when the object is moved across the surface of the material.3 
The weak intermolecular forces of :fluoropolymers minimize the interactions that are 
disturbed. It is the low surface energies of :fluorinated materials that give them their non-
stick surfaces. 3 
Also related to surface properties is repellency. Repellency is the ability to make 
liquids bead on a surface. 3 It is measured by observing the contact angles formed between 
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the liquid and the surface of the material.3 Since fluoropolymers have low surface energies, 
liquids with strong intermolecular forces will bead up when placed on their surface.3 For 
example, water with its high surface tension will generally have contact angles greater than 
100° on fluorinated materials. 3 With its strong hydrogen bonding and the resulting large 
surface tension, water has very few intermolecular interactions with fluorinated materials. 
This explains the beads that are formed when water is placed on the surface of highly 
fluorinated materials. Generally, materials with similar surface tensions will adhere to one 
another and materials with dissimilar surface tensions will repel one another.3 
. · Different types of fluorinated polymers have different surface tensions. There are 
two main types of fluorinated polymers; PTFE based materials and perfluoroalkyl materials. 
Normally, perfluoroalkyl materials have lower surface tensions than PTFE based materials. 3 
The difference between the two types of fluorinated materials can be explained by looking at _ 
surface packing characteristics. Generally, the less material per given unit area of a surface, 
the lower the surface tension. 3 Therefore the surface densities of fluorinated materials will 
determine their surface tension. 3 PTFE chains lie parallel to the air/material interface and 
perfluoroalkyl chai.ns lie almost perpendicular.3 Perfluoroalkyl materials which can 
aggregate CF 3 groups at the surface will have less dense surfaces than PTFE based materials 
. 3 
due to the bulky nature of the CF3 groups. PTFE based materials have more dense surfaces 
because of the parallel orientation of the chain to the surface. 3 This allows for tighter 
packing of the CF 2 repeat units at the surface. 3 
There is one more factor that helps in determining the surface tension of fluorinated 
materials: surface activity. Surface activity.is the excess of fluorinated materials at the 
air/material interface.3 Perfluoroalkyl materials normally have high surface activities. 3 If 
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perfluoroalkyl groups can converge at a surface and lower surface tension, they will.3 This 
means that a minimal amount of fluorine can be incorporated into a polymer to achieve low 
surface tension; however, the bulk properties of the polymer will be different.3 
Hexafluoroisopropylidene polymers 
The interesting properties that can be achieved by the incorporation of fluorine into 
polymers can easily be accomplished through the use of a hexafluoroisopropylidene group 
(HFIP) (Figure 6). The monomers of hexafluoroisopropylidene substituents can be readily 
obtained through condensation, Friedel Crafts or Grignard reactions involving 
hexafluoroacetone. Due to synthetic ease many high performance polymers have been 
prepared with the HFIP group-to-improve upon ·existing polymer properties. The HFIP group 
is highly stable, bulky-yet flexible and non-conjugating. 3 Incorporation of the group into a 
polymer inc:rnases the free volume and decreases the crystallinity.3 Dramatic improvements 
in thermal and mechanical properties can be observed when comparing a fluorinated polymer 
to its non-fluorinated analog. 3 In general, solubility, thermal stability, thermooxidative 
stability, optical transparency, flame resistance and UVradiation resistance are increased 
when HFIP is included.3 At the same time, the dielectric constant, crystallinity, water 
absorption and surface energy decrease. 3 
Figure 6. Structure ofhexafluoroisopropylidene 
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Step growth polymers containing a hexafluoroisopropylidene linkage have been 
around since the mid-l 960's. The first high performance polymer synthesized containing 
HFIP was a poly( ether) (Figure 7). It was patented as a thermally stable polymer which 
exhibited excellent mechanical properties.2 All HFIP poly(ether)s prepared tended to have 
low dielectric constants, low water absorption and high tensile strength, making them useful 
to the microelectronics industry as insulating materials.5 
Figure 7. Poly[2-( 4-phenoxyphenyl)hexafluoro-2-proponal] 
From this initial fluorinated high performance polymer, a series emeq~ed. 
Incorporation ofHFIP into poly(arylene ether ketone and sulfone)s (Figures 8 and 9) soon 
followed. HFIP replaced the standard non-fluorinated isopropylidene linking group. 
Replacing this linkage with HFIP cause~ dramatic changes in the oxidative stability, tensile 
strength, dielectric constant and permeability of the materials.6'7 For example, membranes 
made from HFIP containing poly(arlyne ether sulfone)s were more permeable and more 
. . . 
selective towards He, CO2, and CH4 than the non-f_luorinated analogties.8 The HFIP 
substituents changed the pore size and enhanced polymer-solute interactions. 9 In addition, 
substantial increasements in the glass transition temperatures and polymer decomposition 
temperatures were .evid~nt. With the inclusion of HFIP groups, the continuous use 
temperatures were shifted from 485 °C for the non-fluorinated polymers to 553 °C for the 
9 
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Figure 8. Poly(bisphenol AF ether ketone) 
. Figure 9. Poly(bisphenol AF ether sulfone) 
fluorinated polymers. 10 When compared to non-fluorinated poly(arylene ether ketone)s the 
HFIP analogues showed dramatic improvements in both oxidative stability and tensile 
strength. 11 
Besides poly(ether)s, researcher have examined at fluorinating poly(urethane)s. 
Fluorinated poly(urethane)s (Figure 10) containing the HFIP group are largely used for 
surface coatings, medical products and as surface-enhancing treatments for textiles, leather 
and carpeting. 12 By creating a surface composed of closely packed trifluoromethyl groups, 
extremely low surface energies are produced, which are comparable to those of PTFE. 
Several resins synthesized from hexafluoroacetone and diisocyanates take advantage of this 
fact. 13 Endcapping these polymers with perfluoroalkyl groups allows for the self assembly of 
these groups at the surface which in tum allows for minimal surface tension. 14 The resins 
10 
Figure 10. HFIP containing poly(urethane) 
have excellent resistance to water, chemicals and corrosive agents and form durable 
fluorinated coatings, which act as protective barriers in bulk fuel tanks and on sea vessels. 15•16 
Poly(ester)s and poly(acrylate)s such as the ones shown in Figure 11 and 12 also have 
benefited from the incorporation ofHFIP. The poly(ester)s prepared with HFIP form clear, 
colorless films and have improved thermal stabilities with 10% weight losses ranging from 
440-490 °C. 17 These polymers are water repellent and have increased water contact angles of 
95° compared to the non-fluorinated analogues which have a water contact angles of 85°·. 18 
HFIP containing poly(acrylate)s show the same types of improvement. Low moisture 
absorption and improved film properties can be achieved when HFIP is incorporated into the 
non-fluorinated analogues. 19 The water contact angles were recorded as high as 160°, which 
is remarkable when considering the contact angle of PTFE is only 108°.20•21 This 
phenomenon can be explained by examining the way the polymer backbone aligns at the 
surface. The fluorocarbon tails are projected into the air, minimizing the surface tension.22 
These types of materials have been used in biomedical devices such as artificial prosthesis 
and dental materials.23 
11 
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Figure.11-. HFIP containing poly(ester) 
Figure 12. HFIP containing poly(acrylate) 
. Poly(imide )s (Figure 13) are another type of high performance polymer that has 
benefitted from the incorporation ofHFIP. These robust high performance polymers are 
difficult to process; however, they. are used in aerospace applications and in the 
microelectronics industry as optical fiber sheaths, fiber composites and gas separation 
membranes.24 Due to their insolubility and intractability, formation of the finalized product 
is extremely difficult. The normal two-step polymerization is not trivial; the poly(amic acid) 
is produced and then subsequently dehydrated. Incorporation ofHFIP has increased the 
12 
processability and S(?lubility of the poly(imide )s while improving the polymer properties. 
Tough, flexible, transparent films with improved thermal properties are reported when 
hexafluoroisopropylidene diphthalic anhydride is condensed with diamine. 25 HFIP 
decreased the coloration, the dielectric constants and the moisture absorption of the films. 26•27 
Thermal decomposition temperatures of these polymers reached well above 600 °C.28•29 In 
addition, the miscibility.of poly(imide)s can be improved by including HFIP. This inclusion 
has resulted in fully miscible alloys. 30 
Figure 13. Poly(hexafluoropropanediphthalimido-1,4-phenylene) 
The inclusion ofhexafluorisopropylidene linkages within a_polymer backbone or 
from pendant groups continues to be an important method for improving polymer properties. 
Since HFIP's initial use in 1965, many polymers have been synthesized from monomers 
containing trifluoromethyl groups. Table 1 shows several different types ofHFIP monomers 
that have been used in the synthesis of fluorinated materials. These monomers have two 
common functional groups: HFIP and benzene. Many of the monomers listed are 
commercially available and are prepared by Friedel-Crafts or Grignard condensation 
reactions.31 HFIP~s ability to enhance polymer properties is quite interesting; however, its 
effects have not been recorded without the presence of other functional groups. The work in 
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Table 1. Commercially available 6F monomers 
Structure 
~-HO·~OH 
CF3 · 
__F\__y~3F\ 
HOOC~COOH 
CF3 
0 
0 0 
Name 
2,2-bis( 4-aminophenyl)-
hexafluoropropane 
2,2-bis(3-amino-4-methyl-
phenyl)hexafluoropropane 
2,2-bis[ 4-( 4-aminophenoxy )-
phenylhexafluoropropane 
2,2.:.bis(3-amino-4-hydroxy-
phenyl)hexafluoropropane 
· 2,2-bis( 4-hydroxypheny 1 )-
hexafluoropropane 
2,2-bis( 4-carboxyphenyl)-
hexafluoropropane 
4,4' -(hexafluoropropane) 
diphthalic anyhydride 
14 
this thesis describes the efforts to produce polymers containing only hexafluoro-
isopropylidene and phenyl groups. The results and properties are presented, along with the 
initial work done to prepare a crosslinkable polymer by incorporating acetylene groups into 
the backbone of the polymer 
Thesis Organization 
This thesis is divided into two main chapters. The first chapter contains experimental 
methods for the synthesis of the desired monomers and polymers, along with a description of 
the characterization methods. The second chapter discusses the results obtained from the 
work presented in this manuscript. This second chapter is divided into two sections of work. 
The first section details the results from the monomer synthesis. The second section details 
the results and characterization of the polymers synthesized.· 
The general conclusion chapter summarizes the results of this thesis and the potential 
applications of these materials, as well as the relevance of these novel polymers to the field 
of polymer science. 
The appendices contain the data for the monomers and polymers discussed within this 
thesis. 
The references are listed as a comprehensive listing of the works cited within this 
thesis. 
15 
EXPERIMENTAL -
Materials 
All reagents were purchased from Aldrich and used as received unless 
otherwise indicated. Dipyridyl and triphenylphosphine were purified by recrystalization 
from ethanol. Trimethlysilylacetylene, bis(trimethylsilyl)acetylene, DMF, THF, DMAc, and 
NMP were purified by distillati~n. All monomers synthesized were purified until their 1H-
NMR spectra corresponded to the expected structure and purity was greater than 99% by 
DSC melting point and HRMS. 
Characterization 
General. 1H NMR and -13C NMR were measured i11 CDCb with a Bruker 400 MHz 
spectrometer. A Varian gas chromatograph fitted with a Finnigan Mat Magnum mass 
spectrometer was used for product identification and purity confirmation. High resolution 
mass spectrometry was performed with a Kratos MS50TC at a resolution (R) of 14,300 in 
electron impact (EI) mode with an electron beam energy of 70 eV. Monomer melting point 
temperatures were determined using a Perkin-Elmer Pyris 1 differential scanning calorimeter 
(DSC) at a heating rate of 10 °C/min. The UV-Vis absorption spectrum was obtained with a 
Shimadzu UV-2101PC UV-Vis scanning spectrophotometer. Elemental analysis of the 
monomers and polymers was performed.using a Perkin-Elmer model 2400 Series II CHN/S 
instrument. 
Thermal Analysis. Polymer glass transition temperatures were determined using a 
Perkin-Elmer Pyris 1 differential scanning calorimeter (DSC) at a heating rate of 20 °C/min 
16 
and a heating range of 25 °C to 350 °C, with nitrogen purge. Glass transition temperatures 
are reported as the inflection point of the change in heat capacity during the second heat. 
Thermogravimetric analyses (TGA) were performed on a Perkin-Elmer TGA with heating 
rates of 10 °C/min. 
Molecular Weight Analysis. Molecular weights were determined by gel permeation 
chromatography (GPC) and multiple angle laser light scattering (MALLS) using a Waters gel 
permeation system coupled with a Wyatt miniDA WN. The chromatography system was 
equipped with three Waters styragel columns and measurements were made at 40 °C with 
THF as the solvent at a flow rate of 1.0 mL/min. Molecular weights (GPC) were calculated 
with a calibration plot constructed with polystyrene standards. 
Morphology Analysis. Wide--angle X-ray diffraction (W AXD) experiments were 
conducted using a Phillips diffractometer. Diffraction data was collected in the range 10° < 
20 < 75° with a step size of 0.05° (20) and a counting time of 10 seconds per step using Cu 
· Ka radiation. The contact angle was measured using a Rame-Hart goniometer equipped with 
an image analysis attachment. 
Gas Permeability Analysis. Pure gas permeabilities of the 6F polymer films were 
determined at 35 °C using the constant pressure/variable volume method. The gases used 
were hydrogen, helium, ~itrogen, oxygen, methane, and carbon diox1de. The 
feed pressure was 50 psig except for methane (methane: 100 psig), and the permeate pressure 
was maintained at 0 psig [i.e., p2-p1=50 psig=3.4 atm, p2-p1=100 psig=6.8 atm (methane)]. 
The permeability coefficients are reported in Barrers, where 1 Barrer= 10·10 
cm3(STP)cm/(cm2·s·cm Hg). 
17 
Polymer Fire Resistance. Heat release capacities of the polynier were determined 
using a Perkin-Elmer Pyris 7 TGA. The polymer samples were pyrolized under anaerobic 
conditions. Anaerobic pyrolysis and oxidative combustion of the pyrolysis gases occurred 
sequentially. The heat released by combustion was deduced from the oxygen depletion 
measurements of the flow stream. 
Synthetic Procedures 
2,2-Bis(4-chlorophenyl)hexafluoropropane. To a 250 mL round bottom flask 
equipped with a nitrogen inlet was added dichlorotriphenylphosphorane (35.7 g, 0.107 mol) 
and 4,4'(hexafluoroisopropylidene)diphenol (18.1 g, 0.0536 mol). The flask was placed in a 
heating mantle, insulated with sand and heated to 350 °C for 4h. -The reaction temperature 
was monitored with a thermocouple. The brown reaction mixture was cooled to room 
temperature and dissolved in 50 mL of methylene chloride. The resulting solution was eluted 
through a short basic alumimm1 oxide column using 300 mL of hexane as the eluting solvent. · 
The product was distilled and 12.4 g (0.0332 mol, 67 %) of white solid formed: mp= 60 °C 
(DSC); 1H-NMR: 8 7.35 (doublet, J = 8.iHz, 4H), 7.29 (doublet, J = 8.7 Hz, 4H); 13C-
NMR; 8 135.89, 132.72, 131.73, 128.87, 124.12 (quartet, J= 1140 Hz), 64.55 (septet, J= 
102 Hz). The theoretical weight percents are 48.29 % C and 2.14 % H. Elemental analysis 
showed 48.25 % C and 2.16 % H. Theoretical mass was calculated to be 371.99073 g/mol; 
high resolution mass spectrometry showed a measured mass of 371.99044 g/mol with a 
deviation of -0. 78 ppm. 
1,1-Bis(4-hydroxyphenyl)-2,2,2-trifluoro-1-phenylethane. To a three neck, 500 
mL round bottom flask equipped with a water condenser, addition funnel, and nitrogen purge 
18 
was added phenol (37.7 g, OAO m'ol) and 1,1,1-trifluoroa~etephenone (17.4 g, 0.10 mol). The 
round bottom flask was heated to 40 °C and trifluoromethyl-sulfonic acid (15.0 g, 0.10 mol) 
was added dropwise over a 30-minute period. The peach colored reaction mixture was 
poured into 500 mL of boiling water and left to stir for 8 hours. The crude product was 
filtered using a water aspirator and then purified by stirring in 300 mL of methylene chloride 
to give 30.0 g ( 0.087 mol, 87 %) of a white powder: mp= 232 °C (DSC); 1H-NMR: 8 6.74 
( doublet, J = 9 Hz, 4H), 6.82 ( doublet, J = 9 Hz, 4H), 7 .05 (multiplet, lH), 7.36 (multiplet, 
4H), 9.62 (singlet, lH); 13C-NMR; 8 156.75, 140.43, 130.53, 129.97, 129.96, 129.27, 
128.21, 128.19 (quartet, J= 1139 Hz), 128.00, 114.86, 63.30 (quartet, J = 93 Hz). The 
theoretical weight percents are 69)6 % C and 4.39 % H, Elemental analysis_showed 69.70 
% C and 4.55 % H. Theoretical' mass was calculated to be 344.10241 g/mol; high resolution 
mass spectrometry showed a measured mass of344.10208 g/mol with a deviation of-0.97 
ppm. 
1,1-:i.Us(4-chlorophenyl)-2;2,2-trifluoro-1-phenylethane. To a 250 mL round 
bottom flask equipped with a nitrogen inlet was added dichlorotriphenylphosphorane (19.4 g, 
·0.0583 mol), and 1,1-bis(4-hydroxyphenyl)-2,2,2-trifluoro-1-phenylethane (18.1 g, 0.0536 
mol). The flask was placed in a heating mantle, insulated with sand and heated to 350 °C for 
4h. The reaction temperature was monitored with a thermocouple. The brown reac\ion 
mixture was cooled-to room temperature and dissolved in 100 mL·ofmethylene chloride. 
The resulting solution was eluted t~ough a short basic aluminum oxide column using 400 
mL of hexane as the eluting solvent.· The product was distilled and 6:92 g (0.0182 mol, 45 
. %) ofwhi_te solid formed: mp= 103 °C (DSC); 1H-NMR: 8 7.10 (multiplet, 8H), 7.35 
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(multiplet, SH); 13C-NMR; 8 139A5, 138.46, 134.34, 131.°349, 130.25 (quartet, J= 1140 
Hz), 129.94, 128.66, 128.462, 128.35, 64.66 (quartet, J = 96 Hz). The.theoretical weight 
percents are 63.01 % C and 3.44 % H. Elemental analysis showed 61.54 % C and 3.81 % H. 
Theoretical mass was calculated to be 380.03464 g/mol; high resolution mass spectrometry 
showed a measured mass of 380.03389 g/mol with a deviation of -1.98 ppm. 
2,2-Bis[[trifluorome~~ylsulfonyl]oxybenzene]hexafluoropropane. To a three 
neck, 500 mL round bottom flask equipped with a water condenser, addition funnel, and 
nitrogen purge was added 4,4 '(hexafluoroisopropylidene )diphenol ( 50. 0 g, 0.148 mol) to 120 
mL of dry pyridine_and stirred for 1 hour. Trifluoromethylsulfonic anhydride (96.5 g, 0.342 
mol) was slowly added dropwise over a 2 hour period. The crude product was filtered an,d 
washed with three 1 00mL portions of 10 % hydrochloric acid solution, two 100 mL portions 
of distilled water, and three 100 mL portions of 10 % sodium bicarbonate solution. The 
crude product was purified by recrystallization from ethanol to give 86.4 g (0.144 mol, 97 %) 
·of white crystals: mp= 97 °C (DSC); 1H-NMR: 8 7.50 (d, J= 8.7 Hz, 4H), 7.36 (d, J= 8.7 
Hz, 4H); 13C-NMR; 8 149.94, 133.14, 132.25, 123.63 (quartet, J= 1152 Hz), 121.55, 118.72 
(quartet, J= 1152 Hz), 64.04 (septet, J= 103.5 Hz). The theoretical weight percents are 
34.01 % C and 1.34 % R Elemental analysis showed 33.84 % C and 1.46 % H. Theoretical 
mass was calculated.to be.600.99073 g/mol; high resolution mass spectrometry showed a 
measured mass of 600.99044 g/mol with a deviation of -0. 78 ppm. . 
1,1-Bis [ [ trifluoromethylsulfonyl] oxybenzene]-2,2,2-trifluoro-1-phenylethane. 
To a three neck, 500 mL round bottom flask equipped with a water condenser, addition 
funnel and nitrogen purge was added 2,2-bis(4-hydroxyphenyl)l,1,1-trifluoro-2- . 
phenylethane (33.0 g, 0.096 mol) to 80 mL of dry pyridine and stirred for 1 hour. 
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Trifluoromethylsulfonic anhydride (62.2 g, 0.220 mol) was slowly added dropwise over a 2 
. . 
hour period. The crude product was filtered and washed with three 100 mL portions of 10 % 
hydrochloric _acid solution, two 100 mL portions of distilled water and three 100 mL portions 
of 10 % sodium bicarbonate solution. The crude product was purified by recrystallization 
from ethanol to-give 47.2-g (0.079 mol, 83 %) of white crystals: mp= 90 °C (DSC); 1H-
NMR: 8 7.34 (multiplet, 3H), 7.25 (doublet, J~ 9 Hz, 4H), 7.20 (doublet, J= 9 Hz, 4H), 7.04 
(multiplet, 2H); 13C-NMR; 8 149.27, 140.05, 138.75, 132.06, 129.43, 128.92, 128.86, 127.53 
(quartet, J = 1140 Hz, C-6), 121.45, 118.93 (quartet, J = 1276 Hz), 64.74 (quartet, J = 96.9 
Hz). The theoretical weight percents are 43.43 % C and 2.15 % H. Elemental analysis 
showed 43.44 % C and 2.36 % H. Theoretical mass was calculated to be_ 608.000985 g/mol; 
high resolution mass.spectrometry showed a measured mass of 608.0010618 g/mol with a 
deviation of0.12 ppm. 
2,2-Bis[[4-trimethylsilylacetylene]phenyl]hexafluoropropane. To a three neck, 
500 mL ·round bottom flask equipped with a water condenser and nitrogen purge was added 
2,2-bis[[trifluoromethysulfonyl]oxybenzene]hexafluorpropane (6.0 g, 0.010 mol), trimethyl-
. silylacetylene (7.4 g, 0.025 mol), tetrakistriphenylphosphinepalladium (1.7 g, 0.0005 mol), 
and copper (I) iodide (0.3 g, 0.001 mol) to 60 mL of dry pyridine and stirred for 24 hours at 
80 °C. The reaction was quenched in 400 mL of 10% HCl/methanol solution, the solids were 
collected and dissolved into hexane. The crude product was washed with two_ 1_00 mL 
portions of distilled water, three 100 mL portions of 10 % sodium bicarbonate solution, one 
100 mL portion of saturated sodium chloride solution and rinsed with one 100 mL portion of 
distilled water. The crude product was purified by flash chromatography using hexane as the 
eluting solvent to give 1.0 g (0.002 mol, 20 %) of a white solid: mp= 50 °C; 1H-NMR: 8 
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7.45 (doublet, J= 9 Hz, 4H), 7.28 (doublet, J= 9 Hz, 4H), 0.25 (singlet, 18H); 13C-NMR; o 
133.34, 132.83, 131.91, 130.22, 124.44.103.89, 96.65, 0.44. The theoretical weight percents 
are 60.46 % C and 5.28 % H. Elemental analysis showed 60.463% C and 5.52 % H. 
. Theoretical mass was calculated to be 496.14846 g/mol; high resolutionmass spectrometry 
showed a measured mass of 496.14 793 g/mol with a deviation of 1.5 ppm. 
2,2-Bis[[4-acetylene]phenyl]hexafluoropropane. To a one neck, 500 mL round 
bottom flask equipped with nitrogen purge was added 2,2-bis[[ 4-trimethylsilyl= 
acetylene]phenyl]hexafluorpropane (1.0 g, 0.020 mol) and potasiumcarbonate (1.0 g, 0.025 
mol) to a mixture of 50 mL of tetrahydrofuran and 100 mL of methanol and stirred for 24 
hours at room temperatme. The reaction was quenched in 400 mL of distilled water and the 
crude product was. extracted with hexane. The crude product was purified by flash 
chromatography using hexane as the eluting solvent to give 0.7 g (0.0018 mol, 90%) of a 
clear liquid: 1H-NMR: 8 7.49 (doublet, J=9 Hz, 4H), 7.33 (d, I= 9 Hz, 4H), 3.15 (sinlet, 
13 . 2H); C-NMR; 8 149.94, 138.90, 132.25, 123·.63 (quartet, J = 1152 Hz), 118.72 (quartet, J 
= 1152 Hz), 64.04 (septet, J = 103.5 Hz). The theoretical weight percents are 64.78 % C and 
2.86 % H. Elemental analysis showed 64.71 % C and 3.73 % H. Theoretical mass was 
calculated to be 352.06867 g/mol; high resolution mass spectrometry showed a measured 
mass of 352.069310 g/mol with a deviation of 1.8 ppm. 
Poly[[l,1 '-biphenyl]-4,4'diyl[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene] ). To a 
three-necked 250 mL pear-shaped flask equipped with an overhead stirrer was added zinc 
'(2.17 g, 0.0332 mol), nickel chloride (0.104g, 0.000803 mol), triphenylphosphine (2.8 g, 
0.0107 mol), and dipyridyl (0.1253 g, 0.000803 mol). N,N-Dimethylformamide (10 mL) was 
added via syringe and the mixture was stirred at 90 °C until a deep red-brown color was 
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observed. At that time, 2,2-bis (p-chlorophenyl)hexafluoropropane (4.00 g, 0.0107 mol) was 
added. The reaction continued at 90 cc for 72 hours. The catalyst was quenched by pouring 
the reaction mixture itito 400 mL of 25 % HCl/methanol solution and stirred overnight. The 
polymer was filtered and rinsed with a 10 % sodium bicarbonate solution, dissolved in 30 mL 
of chloroform· and rcprecipitated· in 400 mL of methanol. The polymerization gave 95 % 
yield of a white powder. 1H-NMR: 8 7.62 (d, J= 8.1 Hz, 4H), 7.50 (d, J= 8.1 Hz, 4H); 13C-
NMR: 8 140.51 (C-4), .133.00 (C-1), 130.84 (C-3), 126.94 (C-2), 124.28 (quartet, J = 1134 
Hz, C-6), 64.41 (septet, J= 100.8 Hz, C-5). The.theoretical weight percents are 59.61 % C 
and 2.67 % H. Elemental analysis showed 59.38 % C and 2.59 % H. 
Poly[biphenyl-4,4'-diyl(l-phenyl-2,2,2-trifluoroethane-1,l-diyl)]. To a three-
necked 250 mL pear,.shaped flask equipped with an overhead stirrer was added zinc (2.12 g, 
32.5 mmol), nickel chloride (0.102g, 0.788 mmol), triphenylphosphine (2.75 g, 10.5 mmol), 
and dipyridyl (0.1230 g, 0.788 mmol). N,N-Dimethylformamide (10 mL) was added via 
syringe and the mixture was stirred at 90 cc until a deep red-brown color was observed. At 
that time, 2,2-bis(4-chlorophenyl)l,l,1-trifluoro-2-phenylethane (4.00g, 10.5 mmol) was 
added .. The reaction conhnued at 90 cc for 72 hours. The catalyst was quenched by pouring 
the reaction mixture into-400 mL of 25 %.HCl/methanol solution and stirred overnight. The 
polymer was filtered and rinsed with a 10 % sodium bicarbonate solution, dissolved in 30 rnL 
of chloroform and reprecipitated in 400 mL of methanol. The polymerization gave 93 % . 
yield of a white powder. 1H-NMR: 8 7.34 (m, 3H), 7.20 (d, J = 9 Hz, 4H), 7.25 (d, J = 9 Hz, 
4H), 7.04 (m, 2H); 13C-NMR; 8 149.27, 140.05, 138.75, 132.06, 129.76, 121.45, 118.93 
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(quartet, J = 1276 Hz), 64.74 (quartet, J = 96.9 Hz). The theoretical weight percents are 
48.29 % C and 2.14 % H. Elemental analysis showed 48.25 % C and 2.16 % H. 
Poly(2,2-Bis[[4-acetylene]phenyl]hexafluorpropane). To a one neck, 250 mL 
round bottom flask equipped with oxygen purge was added 2,2-bis[[ 4-acetylene ]= 
phenyl]hexafluorpropane (0.44 g, 0.0013 mol) and cupric acetate (1.45 g, 0.008 mol) to 5 mL 
oftetrahydrofuran and 50 mL of pyridine and stirred for 72 hours at 80 °C. The catalyst was 
quenched by pouring the reaction mixture into 400 mL of 25 % HCl/methanol solution and 
stirred overnight. The polymer was filtered and rinsed with a 10 % sodium bicarbonate 
solution. The polymerization gave 99 % yield of a brown-green powder. 1H-NMR: 8 7.54 
(doublet, J= 8.4Hz, 4H), 7.36 (doublet, J = 8.4 Hz, 4H); 13C-NMR: 8 140.51 (C-4), 133.00 
(C-1), 130.84 (C-3), 126.94 (C-2), 124.28 (quartet, J = 1134 Hz, C-6), 64.41 (septet, J = 
100.8 Hz, C-5). The theoretical weight percents are 64.78 % C and 2.86 % H. Elemental 
analysis showed 58.97 % C and 3.07 % H. 
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RESULTS AND DISCUSSION 
Monomer Synthesis 
2,2-Bis(4-chlorophenyl)hexafluoropropane {6F monomer). The 6F monomer was -
selected because of the enhanced properties expected uponincorporation of fluorine into the 
resulting polymer. In ·addition, the resulting polymer structure would contain only HFIP and 
benzene groups. This would allow for the study of a unique polymer structure without the 
presence of other functionalities. The 6F monomer was prepared according to a previous 
patent which described the nucleophilic substitution reaction of dibromotriphenyl-
phosphorane and 4,4'(hexafluoroisopropylidene)diphenol, the synthesis is shown in 
Scheme 1.32 
The 6F monomer was so_luble in hexane, chloroform, acetone, tetrahydrofuran, 
methylene chloride, N,N-dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide, 
methanol, and partially soluble in ethanol. Due to the monom~r's high solubility, 
recrystallization was difficult. Therefore, it was further purified by distillation to insure 
polymer grade monomer. It-was made with a.67 % yield and exhibited a_sharp melting point 
at 60 °C. · High resolution mass spectra and elemental analysis data were used to confirm the 
purity and chemical composition of 2,2-bis( 4-chlorophenyl)hexafluoropropane. 
Ho-Q-fo-oH 
CF3 
___r=\_YF3~ 
Cl~Cl 
CF3 
Scheme 1. Synthesis of 2,2-bis( 4-chlorophenyl)hexafluoropropane 
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1,1-Bis(4-chlorophenyl)-2,2,2-triflu_oro-1-phenylethane (3F monomer). The 3F 
monomer was designed as a comparison between its trifluorinated system and the 
hexafluorinated system of the HFIP group. A two step synthetic process was used to prepare 
the 3F monomer, shown in Scheme 2. 1,1,1-Trifluoroacetophenone was condensed with 
phenol in the presence of triflic acid; the product was then chlorinated by using the same 
synthetic procedure as described in the 6F monomer synthesis. 
Q-oH + 
HO OH 
j PPh3Cl2 
Cl 
Scheme 2. Synthesis of 1, 1-bis( 4-chlorophenyl)-2,2,2-trifluoro-l-phenylethane 
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The 3F monomer was soluble in hexane, chlorof<?rm, acetone, tetrahydrofuran, 
methylene chloride, N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl-
sulfoxide, methanol, and partially soluble in ethanol. It was also purified by distillation to 
insure polymer grade monomer. The 3F monomer was made with a 45 % yield and exhibited 
a sharp melting point at 103 °C. High resolution mass spectra and elemental.analysis data 
were used to confirm. the purity and chemical composition of 1, 1-bis( 4-chlorophenyl)-2,2,2-
trifluoro-1-phenylethane. 
2,2-Bis [ [ trifluoromethylsulfonyl] oxybenzene ]hexafluoropropane ( 6F triflate) and 
1,1-bis [[trifluoromethylsulfonyl] oxybenzene]-2,2,2-trifluoro-1-phenylethane (3F 
triflate ). The two monomers were synthesized for their use in a p·alladium catalyzed 
coupling reaction. They were prepared according to the standard reactions conditions used to 
synthesize triflates. The synthesis is shown in Scheme·3. The 6F and 3F triflates were 
soluble in hexane, chloroform, acetone, tetrahydrofuran, methylene chloride, N,N-
dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide, methanol and ethanol. 
They were purified by recrystallization from ethanol to insure polymer grade monomer. The 
6F triflate was synthesized with a 97 % yield and exhibited a sharp melting point at 97 °C. 
The 3F monomer was made with an 83 % yield and exhibited a sharp melting point at 90 °C. 
High resolution mass spectra and elemental analysis data were used to confirm the purity and 
chemical compositions of 2,2-bis[[trifluoromethysulfonyl]oxybenzene ]hexafluoropropane 
and 1, 1-bis[[ trifluoromethysulfonyl]oxybenzene ]-2,2,2-trifluoro-1-phenylethane. 
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HO-O-R-0-0H 
R= . and 6 
Scheme 3. Synthesis of 2,2-bis[[ trifluoromethylsulfonyl]oxybenzene ]hexafluoro-
propane and 1, 1-bis[[trifluoromethylsulfonyl]oxybenzene ]-2,2,2-
trifluoro-1-phenylethane 
2,2-Bis [ [ 4-trimethylsilylacetylen e ]ph enyl]hexafluoropropane and 2,2-Bis [ [ 4-
acety lene] phenyl] hexafluoropropane. A two step synthetic procedure was used to prepare 
the acetylene containing 6F monomer. The resulting monomer was designed to be used in a 
copper coupling polymerization, which ultimately could produce a crosslinkable polymer. 
The monomer was prepared according to the standard reactions conditions used in a 
Sonogashira-Hagihara coupling; the synthesis is shown inScherrie 4.33 Both, the protected 
and deprotected monomer were soluble in hexane, chloroform, acetone, tetrahydrofuran, 
methylene chloride, N,N-dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide, 
methanol and ethanol. The monomers were purified by flash column chromatography to 
insure polymer grade monomer. The protected 6F entity was synthesized with a 20 % yield, 
the deprotected 6F monomer was made with a 99 % yield and exhibited a sharp melting point 
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at 90 °C. High resolution mass spectra and elemental analysis data were used to confirm the 
purity and chemical compositions of both 2,2-Bis[[ 4-trimethylsilylacetylene ]phenyl]-
hexafluoropropane and 2,2-Bis[[ 4-acetylene ]phenyl]hexafluoropropane. 
TfO~-OTf 
CF3 
/,2co, 
MeOH 
Scheme 4. Synthesis of 2,2-bis[[ 4-acetylene ]phenyl]hexafluoropropane. 
Polymer Synthesis 
Poly[[l,1 '-biphenyl]-4,4'-diyl[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene]] 
(6F poymer). The polymerization reactions used to prepare the 6F polymer utilized a 
procedure first reported by Colon et al .. 34 Reaction conditions for the polymerization were 
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optimized by varying the.solvent, solvent volume, reaction time, temperature, and catalyst 
ratio. Table 2 shows the effect of temperature on the polymerization reaction. A range of 
·temperatures were used and the highest molecular weight was achieved at 90 °C. Catalyst 
ratios were varied and the results are shown in Table 3. It was found that when a molar 
equivalent of triphenylphosphine to monomer was added, the best results were obtained. In 
addition, excess zinc in the molar ratio of 3 .1: 1 to monomer also improved the molecular 
· weight. Only when N,N-dimethylformamide and a one molar monomer concentration were 
used could high molecular weight be obtained (Tables 4 and 5). The reaction time had the 
greatest effect on the polymerization. Particularly, a long reaction time of 72 hours produced 
the highest molecular weight (Table 6). Furthermore, excessively pure and dry reagents were 
needed to insure high molecular weight polymer could be synthesized using the optimized 
conditions. The polymerization reaction is shown in Scheme 5. 
NiC12, Zn, Bipy 
Scheme 5. Polymerization of the 6F monomer 
Polymer characterization 
Surprisingly, the 6F polymer was completely soluble at room temperature in a 
· number of common organic solvents such as chloroform, acetone, tetrahydrofuran, 
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Table 2. Effect of reaction temperature on the. 6F monomer polymerization a 
Entry Time Temperature <Mnb> b <Mw> 
(hr) (oC) 
1 24 55 4,300 6,860 
2 24 80 7,212 11,400 
3 24 90 8,876 12,877 
4 24 115 3,600 6,160 
a Molar ratios of catalyst system: monomer 1, NiCh 0.075, Zn 3.1, PPh3 1, Bipy 0.075. 
Polymerization run in l0mL ofDMAc. b Determined by gel permeation chromatograph 
(polystyrene standards). 
Table 3. Effect of amount of catalyst on the 6F monomer polymerizationa 
Entry NiCh Zn Bipy 
5c 0.02 3.1 0.4 0.1 1,160 1,980 
6 0.20 3.1 1 0.075 1,300 2,150 
7 0.075 6 1 0.075 9,420 13,260 
8 0.075 3.1 2 0.075 7,500 11,770 
9d 0.075 3.1 1 0.075 7,800 15,400 
a Polymerization run in lOmL ofDMAc for 24 hours. b Determined by gel permeation 
chromatograph (polystyrene standards). c Catalyst ratio's published in J Polym. Sci., 
PartA: Polym. Chem. ·1998, 36, 2611. d Catalyst ratio's published in Macromolecules 
1998, 31, 6769. 
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Table 4. Effect of reaction solvent on the 6F monomer polymerization a 
Reaction Solvent Temperature <Mnb> <Mv}> 
(CC} 
10 NMP 55 4,170 6,708 
11 THF 60 4,258 6,900 
12 DMAc 90 7,908 5,200 
13 DMF 90 13,400 21,800 
a Molar ratios of catalyst system: monomer 1, Ni Ch 0.075, Zn 3.1, PPh3 1, Bipy 0.075. 24 
hour polymerization time. b Determined by gel permeation chromatograph (polystyrene 
standards). 
Table 5. Effect of solvent concentration on the 6F monomer polymerization. a 
Reaction Solvent Concentration <Mnb> <Mwb> 
(M) 
14 DMF 0.01 
15· DMF 0.5 2,350 7,400 
16 DMF 1.0 9,440 15,000 
17 DMF 2.0 6,200 12,670 
a Molar ratios of catalyst system: monomer 1, NiCb 0.075, Zn 3.1, PPh3 1, Bipy 0.075. 24 
hour polymerization time. b Determined by gel permeation chromatograph (polystyrene 
standards). 
Entry 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
32 
Table 6. Effect of reaction time on the 6F monomer polymerization a 
Time 
(hr) 
4 
8 
12 
16 
18 
24 
28 
32 
36 
42 
56 
72 
Temperature 
(OC) 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
2,786 5,840 
4,160 6,300 
5,940 9,050 
7,850 11,760 
9,400 6,170 
9,800 11,760 
10,600 20,200 
11,800 20,800 
12,600 21,300 
13,900 22,700 
-
16,400 24,600 
19,200 31,020 
a Molar ratios of catalyst system: monomer 1, NiCh 0.075, Zn 3.1, PPh3 1, Bipy 0.075. 
Polymerization run in l0mL ofDMF (lM). b Determined by gel permeation chromatograph 
(polystyrene standards). 
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methylene chloride, N,N-dimethylformamide; it is insoluble in hexane, methanol, and 
ethanol. It was synthesized in a 95 % yield. The 6F polymer was white with a Amax value of 
254.8 nm in a chloroform solution, and no absorption occurs above 340 nm. See Figure 14 
for the UV-vis· trace. 
The 6F polymer had a number average molecular weight of 19 .2 x 103 g/mol by GPC 
and 27.5 x 103 g/mol by MALLS (dn/dc::;: 0.075 ml/gin THF at 40 °C). The degree of 
r:--
0 
I 
200 
1 243.4nm 
2 249.0nm 
3 254.8nm 
4 261.0nm 
350 
Wavelength (nm) 
Figure 14. UV-vis trace of the 6F polymer 
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polymerization (DP) determinedby light scattering was 91. This is in good agreement with 
the DP calculated from end group analysis by proton NMR, which was 95. Since the GPC 
data reflects the hydrodynamic volume based o~ polystyrene standards, the MALLS data 
more accurately reflects the molecular weight of the 6F polymer. This was evident from the 
DP calculated from the proton NMR. The GPC and MALLS chromatograms are shown in 
Figure 15. Previously in a series of poly(2,5-benzophenone)s prepared, the Sheares' group 
observed the opposite trend in molecular weights. The poly(2,5-benzophenone )s had lower 
35 . · 
molecular weight values calculated by MALLS than by GPC. The hydrodynamic volume 
for such rigid rod polymers probably influences the molecular weight correlations resulting 
0.020..-----------------------, • 90' 
0.016 
·1. 0.010 
8 0.005 
<Mn> by GPC 
is 19,200 g/mol 
<Mn> by MALLS 
is 27,500 g/mol 
AUX1 
-0.005,__..___...._,.__..__.,__.,__.,__..__.,__.,__...._,._..__.,__.,__.,__.,__...__....___, 
20 25 30 
Volume(mL) 
35 40 
Figure 15. GPC and MALLS Chromatograms of the 6F polymer 
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in a large deviation between the two methods. With the HFIP group present within the 
polymer backbone the rigidity .is broken up, which allows for a better c9rrelation between the 
DPs calculated by MALLS and NMR. The 6F polymer had a polydispersity index of 1.61 by 
GPC and 1.25.·by MALLS. The deviation from the theoretical value of2.0 is consistent with 
other polymers prepared by Ni-(0) catalysis and may be due to the loss of some lower 
· 1 1 . h 1 d . ku 35-39 mo ecu ar we1g t po ymer unng wor p. 
The 6F polymer had a glass transition temperature (Tg) of255 °C, shown in Figure 
-16." Poly(arylene ether sulfone)s with the _same HFIP component had substantially lower 
glass transition temperatures (Tg = 180 °C), presumably due to the flexible ether linkages. 
The 6F polymer exhibited no evidence of crystallinity by DSC or by wide-angle 
s 
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Figure 16. DSC thermogram of 6F polymer 
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X-ray diffraction (Figure 17). They.; AXD pattern showed an amorphous halo. There are 
two peaks at 28 between 10-20°. In poly(ethylene terephthalate) PET, a double peak in the 
amorphous halo was also observed. Murthy et al. separated the amorphous halo of PE.Tinto 
· two peaks.40 One peak was ascribed to interchain spacing normal to the plane of aligned 
aromatic rings. The other peak was attributed to the interchain spacing in the plane of the 
aligned aromatic rings. 40 It is possible that the same explanation maybe applied to the two 
peaks observed in the 6F polymer; however, extensive TEM experiments would be needed. 
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Figure 17. WAXD of 6F polymer 
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Thermogravimetric analysis, Figurel8, showed 5% weight loss values at 515 °C for 
. . . . 
both nitrogen and air. It also showed 10% weight loss values at-533 °C in nitrogen and 535 
°C in air. The thermal stability of the 6F polymer was comparable to a polyimide based on 
2,2'-bis(trifluoromethyl)-4,4'-dianimobiphenyl and 1,4-bis(trifluoromethyl)-2,3,5,6-benzene 
tetracarboxylic dianhydrides.41 This particular polyimide had a Tg of 332 °C and a 5% 
weight loss value of 569 °C in nitrogen and 549 °C in air. The new 6F polymer had only 
slightly lower 10%.weight loss numbers. However, the new 6F polymer had better solubility 
than these polyimides, which :Vould aid in the processab_ility of the polymer. 
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Figure 18. TGA thermogram of the 6F polymer 
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Isothermal gravimetric analysis was performed on the high molecular weight 6F 
polymer and the data collected is shown in Table 7. It is important to note that at 300 °C and 
350 °C, virtually no weight loss occurs. After 100 hours at 400 °C, only 0.03% of the initial 
weight is lost. These numbers indicate that the polymer's continuous use temperature would 
approach 350 °C, making it useful as a high performance polymer. 
Table 7. Isothermal gravimetric analysis of the 6F polymera 
Temperature Initial Weight Final Weight Wt loss/hr 
(OC) (mg) (mg) (%) 
300 12.059 12.059 0 
350 4.948 4.948 ~O 
400 7.722 7.484 0.031 
450 6.526 4.229 0.35 
a Data collected for 100 hours in nitrogen at indicated temperature. 
The 6F polymer has a heat release capacity of 25 J/g-K, a total heat of combustion of 
volatiles of 3.3 kJ/g-solid, and a pyrolysis residue of 50.4% at 650 °C. Table 8 lists several 
polymers' flammability rankings released by the Federal Aviation Administration. The table 
ranks the fire resistivitiy of the polymers: flammability decreases down the table. The 6F 
polymer is comparable to other high performance polymers with respect to microscale heat 
release capacity.42 The fire resistant values for the new 6F material surpass the values for 
RADEL R® (polyphenylsulfone), and are more comparable to TORLON® (polyamideimide). 
® . Although TORLON exceeds the char yields of PDTFE, PDTFE does surpass the FAA char 
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yield requirement of 45%. The F AA's future goal is to find a material with a heat release 
capacity of 8 J/g-K," a total heat of combustion of volatiles of 1 kJ/g-solid, and a pyrolysis 
residue of 45% at 650 °C. The 6F polymer has slightly higher values for the heat release 
capacity and total heat of combustion for the F AA's future goals. However, based on . 
existing correlations it would be expected to meet or exceeds the FAA' s current requirement 
for flaming heat release rate when tested according to FAR 25.853(a-l) Heat Release Rate 
Test for Aircraft Cabin Materials.43 . 
Table 8. 6F Polymer Flammabilitl 
Polymer 
Nylon 6-6 
PMMA 
KEVLAR® 
RADELR® 
TORLON®· 
New 6F Polymer 
KAPTON® 
PBO 
Heat Release 
Capacity 
(J/g-K) 
348 
297 
170 
92 
28 
25 
14 
3 
Total Heat 
Released 
(kJ/g) 
32 
25 
14 
12 
6 
3 
4 
1 
a Data taken from the FAA Data Base on Fire Resistant Materials. 
Char Yield 
(%) 
0 
0 
35 
52 
64 
50 
66 
97 
Water absorption data and contact angles were also measured on the 6F polymer. 
After 100 hours submerged in distilled water, films showed virtually no increase in weight at 
temperatures of 25, 35, 45, and 55 °C. At 8, 12 and 24 hours in boiling water, the films 
showed no detectable changes in appearance or weight. The 6F polymer structure contained 
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no hydrogen bonding sites that made it hydrophilic. With the highly nonpolar aromatic rings 
and the hydrophobic fluorine atoms, the films did not absorb significant amounts of moisture. 
The contact angle was measured immediately after a drop of water was placed on a 6F 
. . . 
polymer film, it was 73.9 °. Although, the polymer film had perfluoroalkyl groups present, 
they were not end groups. This diminished the number of CF3 groups that could aggregate 
on the surface of the film, keeping the contact angle small. 
The dielectric constant for the 6F polymer was 2.56. This number is extremely low 
and indicates that the 6F polymer has potential use as an inner layer dielectric. The highly 
hydrophobic nature ofthe new 6F polymer.insures that the dielectric-constant would not be 
significantly influenced by humidity, making it even more desirable as an inner layer 
dielectric. Comparisons can be made between the 6F polymer's dielectic constant and the 
dielectric constants of several poly(imide)s. Recently, several fluorinated poly(imide)s 
showed higher dielectric constants, ranging from 2.6 to 3.2.44 However, moisture absorption 
was cited as a problem. Once the polyimides absorbed moisture the dielectric constants 
increased to 2.8 to 3.6. Even though the poly(imide)s initially had lower dielectric constants, 
moisture would have effected those values, ultimately limiting their use as inner layer 
dielectrics. 
Films of this polymer prepared from a chloroform solution were colorless, 
transparent, and flexible. The fractional free volume (FFV) was estimated to be 0.29 using 
an average film density of 1.24 gicm3.45 This FFV value is much higher than that oflow 
permeability, conventional, glassy polymers such as polysulfone (0.16) and polycarbonate 
(0.17).46 The FFV is the same as that of highly permeable glassy polymers such as poly(l-
trimethylsilyl-1-propyne) [PTMSP] (0.29), and is similar to the FFV values of random 
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copolymers of tetrafluoroethylene [TFE] and 2,2-bistrifluoromethyl-4,5-difluoro-l ,3-dioxole 
[PDD] ( 0.30 for PPD 87 mol % and 0.28 PPD 65 mol % ).47 These numbers are shown 
below in table 9. 
Table 10 summarizes permeability coefficients of this polymer film to various gases 
at 35 °C. The permeability coefficient to oxygen was 120 Barrers, which is very high 
relative to conventional glassy, aromatic_polymers. The 0 2 permeability of PDTFE is similar 
to that of other very high free volume, glassy, fluorinated polymers. For example, poly(TFE-
co-PDD) (PDD content= 65 mol %, DuPont AF1600) has an 0 2 permeability of 365 Barrers. 
These values are lower than those of the most permeable fluoropolymer known, poly(TFE-
co-PDD) (PDD content= 87 mol %: DuPont AF2400), which has an 0 2 permeability 
Table 9. Fractional Free Volume (FFV)3 of Selected Glassy Polymers 
Polymer 
PTMSP 
6F Polymer 
Poly( sulfone) 
Poly( carbonate) 
PET 
. ' 
a J polym. Sci. Pt. B. Polym. Phys. 1996, 34, 2209. 
FFV 
0.290 
0.290 
0.159 
0.166 
0.152 
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Table 10. Gas Permeability of the 6F polymer 
Gases 
a 1 [Barrer]= 1 x 10-10 cm3(STP)cm/(cm2-s-cm Hg) 
Film thickness: 30.3 µm 
Permeability Coefficients 
[Barrerst 
390 
470 
470 
120 
41 
34 
coefficient of 1,380 Barrers. Moreover, the permeability is substantially lower than that of 
the most permeable polymer known, PTMSP, which has an 0 2 permeability of9,860 
Barrers.48-49 Theseresults are shown in Table 11. Figure 19 presents gas permeability 
coefficients as a function of kinetic diameter, a parameter frequently used to characterize 
relative penetrant size for light gases.50 The permeability coefficients of He, H2, and CO2 
were rather similar, independent of gas size, and higher than those of the other gases 
considered. The permeabilty of this polymer to 0 2, N2, and CH4 decreased with increasing 
penetrant size. 
The permeability coefficient of gases in polymers is typically expressed as the 
product of gas solubility and gas diffusivity in the polymer51 : 
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Where PA is the permeability coefficient of gas A, SA is the solubility coefficient of gas A in 
the polymer, and DA is the effective, concentration averaged diffusion coefficient ofthe·gas 
in the polymer. As a result, both solubility and diffusivity contribute to overall permeability 
characteristics. The ability of a polymer to separate two gases depends on the polymer being 
more permeable to one gas than the other. 
Table 11. Permeability coefficients for oxygen in various polymersa 
Polymers· 
PTMSP 10,000 1.5 
Poly( dimethylsiloxane) 600 2.0 
6F Polymers 121 3.0 
Poly( 4-methyl-1-pentene) 32 4.0 
Natural Rubber 18 5.0 
Ethyl cellulose 15 3.4 
Poly( carbonate) 1 4.7 
Poly(propylene) 0.8 4.3 
Poly( vinylidene chloride) 0.005 5.0 
a The Physical Chemistry of Membranes Marcel Dekker, 1992, 13. Units are in 
cm3(STP)cm/( cni2-s-cm Hg) · 
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The permeability coefficient of carbon dioxide in thi~ polymer was essentially the 
same as that of hydrogen, despite the larger size of CO2. This result is unusual. Typically, 
polymers that are as permeable or more permeable to CO2 than to H2 are either rubbery 
polymers or ultrahigh free volume, disubstituted polyacetylenes, such as PTMSP. 52-54 High 
carbon dioxide solubility (relative to other gases) has been reported for other organic 
polymers having high concentrations of accessible fluorine groups. Examples include 
organopolysiloxanes bearing fluorinated side chains andpoly(bistrifluoroethoxy-
phosphazene).55·56 These authors suggest that favorable interactions between fluorinated 
units in the polymer and carbon dioxide contribute to high CO2 solubility. In this regard, the 
HFIP units in this polymer may interact favorably with carbon dioxide, which would enhance 
the permeability coefficient of this polymer to CO2. 
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Figure 19. Gas permeability of the 6F polymer based on penatrant 
kinetic diameter 
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Separation factors of several industrial gas pairs are summarized in Table 10. Based 
on an exhaustive search of the polymer permeation literature, Robeson reported that the best 
combinations of permeability and selectivity obeyed a tradeoff rule: more permeable 
polymers are less selective and vice versa.57 Polymers which have permeability and 
selectivity combinations beyond the so-called upper bound limits identified by Robeson are 
extremely rare. Robeson reported quantitative relations between gas permeability and 
selectivity for many common gas pairs. Based on the measured permeability coefficients in 
this polymer, estimates_ of the-selectivity of a hypothetical upper bound polymer with the 
same permeability coefficients were computed using the relations published by Robeson. 
These estimated selectivity values are also listed in Table 10 along with the selectivity values 
determined from the ratios of experimentally determined, pure gas permeability coefficients. 
All of the separation factors calculated based on the experimental pem1eability coefficients 
were lower than their calculated upper bound values. For example, the separation factors of 
oxygen over nitrogen and carbon dioxide and methane were 2.9 and 13.8, respectively. 
These values were 73% of their calculated upper bound values and are closer to the upper 
bound selectivity values than those of the other gas pairs. Given the excellent thermal 
stability of the polymer and its separation properties, which are near the upper bound limits 
for some gas pairs, this polymer might be of interest as a high temperature membrane 
material. 
Table 12. Separation factors of the 6F polymer 
Gas pairs Robeson's Parametersa Gasi pi Separation Factors 
k [Barrersl n [-] Barrers] 
Exp. Cale. 
H2/N2 52,918 -1.5275 H2 470 11 22 
.j::. 
H2/O2 35,760 -2.2770 H2 470 3.9 6.7 
O'I 
H2/CH4 18,500 -1.2112 H2 470 14 21 
O2/N2 389,224 -5.8000 02 120 2.9 4.0 
CO2/CH4 1,073,700 -2.6264 CO2 470 14 19 
a data from L. M. Robeson, J Memrane Sci. 1991, 62, 165. 
Separation factor= (P/k) 11n 
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Poly(2,2-Bis[[4-acetylene]phenyl]hexafluorpropane). Due to the extraordinary 
properties of the 6F polymer, a crosslinkable structure was devised. By incorporating a 
crosslinking group into the polymer backbone, polymer films could be cast and then 
crosslinked by heat or light. This would insure chemical resistance, since the original 6F 
polymer was highly soluble in common organic solvents. Several palladium cross coupling 
reactions were tried; however, only a copper coupling reaction resulting in high molecular 
weight polymer. The polymerization is shown below in scheme 6. 
Cu(Ach 
Scheme 6. Synthesis of the crosslinkable 6F polymer 
Initially, the polymer was soluble at room temperature in a number of common 
organic solvents such as acetone, tetrahydrofuran, methylene chloride, N,N-dimethyl-
formamide; it was partially soluble in chloroform and it was insoluble in hexane, methanol, 
and ethanol. The polymer was green with a Amax value of 340.0 nm in a chloroform solution, 
and no absorption occured above 350 nm (Figure 20). Polymer films were cast from THF. 
These films were green, opaque and flexible. After heating a polymer film to 80 °C for 2 
hours the polymer was no longer soluble in solvents such as tetrahydrofuran, methylene 
n 
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Figure 20. UV-vis of the crosslinkabe 6F polymer 
chloride, N,N-dimethyl-formamide. A color change was evident in the crosslinked polymer; 
it turned browll'and the films became brittle. 
The crossliilkable 6F polymer was synthesized in a 99 % yield. It had a number 
average molecular weight of22.9 x 103 g/mol by GPC and 35.6x 103 g/mol by MALLS 
(dn/dc = 0.09 ml/gin THF at 40 °C). The degree of polymerization (DP) determined by light 
scattering was 89. This is in good agreement with the DP calculated by proton NMR, which 
was 91. The GPC and MALLS chromatograms are shown in Figure 21. The polymer 
showed no evidence of a glass transition temperature in the DSC. It is very possible that the · 
polymer crosslinks before the glass. transition temperature can be observed. Thermo-
gravimetric analysis, Figure 22, showed 5 % weight loss values at 139 °C and 146 °C in 
49 
nitrogen and air, respectively. It c1.lso showed 10 % weight loss values at 195 °C in nitrogen 
and 221 °C in air. Those numbers increased significantly after the polymer film was 
crosslinked. After crosslinkingthe temperatures increased by over 200 °C. The polymer's 
new weight loss numbers were 362 °C in nitrogen and 377 °C in air for the 5 % numbers. It 
also showed 10 % weight loss values at 410 °C for both nitrogen and air. See Figure 23. 
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Figure 21. GPC and MALLS chromatograms of the crosslinkable 6F polymer 
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Figure 22. TGA thermo gram of the uncrosslinked 6F polymer 
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Figure 23. TGA thermo gram of the crosslinked 6F polymer 
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Poly[biphenyl-4,4 '-diyl(l-phenyl-2,2,2-trifluoroethane-1,1-diyl)]. The success of 
the 6F polymer spurred interest in other perfluorinated polymers. Logically, the 3F monomer 
was prepared and polymerized to use as a comparison to the 6F polymer. The optimized 6F 
reaction conditions were used for the polymerization of the 3F polymer (Scheme 6). 
However, these reaction conditions resulted in only low molecular weight 3F polymer. One 
major difference between the 6F polymerization and the 3F polymerization was reaction 
viscosity. The 3F polymerization viscosity increased dramatically. A concentration study 
was performed _in hopes of achieving high molecular weight. Table 13 shows the different 
concentrations that were attempted along with the molecular weights results. Even by 
diluting the reaction 1 OOx high molecular weight could not be obtained. These results can be 
explained by the following factors. First, the slightly polar monomer is not as soluble in 
hexane as was the 6F monomer. · This made it difficult to remove all traces of the 
triphenylphosphine oxide by-product and led to decreased monomer purity compared to the 
6F monomer. Without excessively pure monomer, the stoichiometry of the polymerization 
was not balanced and ultimately it led to low molecular weight. Secondly, with only one 
trifluoromethyl group the 3F monomer was not as electron withdrawing as the 6F monomer. 
The nickel-catalyzed coupling reaction shows the best results when strong electron ·with-
drawing groups are present in the monomer ortho or para to the coupling site. Due to the 
nature of the polymerization mechanism, this difference could be partially responsible for the 
lower molecular weight of the 3F polymer. Finally, the lower yield of the 3F polymer 
provided another clue to its low molecular weight. Without extremely high conversion, high 
molecular weight is not achieved in traditional step growth polymerizations. All of these 
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factors undoubtedly influenced the 3F polymerization, making it more difficult to achieve 
high molecular weight. 
NiC12, Zn, Bipy 
Cl Cl 
Scheme 5; Synthesis of the 3F polymer 
Table 13. Effect of solvent concentration on the 3F monomer polymerization a 
Reaction 
30 
31 
32 
33 
Solvent 
DMF 
DMF 
DMF 
DMF 
Concentration 
(M) 
0.01 
0.5 
1.0 
2.0 
1,730 
3,560 
7,033 
5,260 
2,590 
6,240 
15,020 
9,700 
n 
a Molar ratios of catalyst system: monomer 1, NiCh 0.075, Zn 3.1, PPh3 1, Bipy 0.075. 24 
hour polymerization time. b Determined by gel permeation chromatograph (polystyrene 
standards). 
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The 3F polymer also was completely solu°!)le at roo~ temperature in a number of 
comm<?n organic solvents such as _chloroform, acetone, tetrahydrofuran, methylene chlori~e, 
.N,N-dimethylformamide; it i$ insolubl_~ in hexane, methanol, and ethanol.· Due to the low 
molecular weight films did not form. The polY,Iller '!{as a white powder with a Amax value of 
268.0 nm in a chloroform solution. No absorption occurr~d above 310 nm (Figure 24). 
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Figure 24; UV-Vis trace of the 3F polymer 
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The 3F polymer was synthesized in a 93 % yield. The number average molecular 
weight ~as 8.5 x 103 g/mol by GPC and 12.6x 103 g/mol by MALLS (dn/dc = 0.08 ml/gin 
THF at 40 °C). The degree of polymerization (DP) determined by light scattering was 42. 
Proton NMR could not be used to calculate DP due to the overlap of chemical shifts in the 
aromatic region. The GPC and MALLS chromatograms are shown in Figure 25. 
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Figure 25. GPC and MALLS chromatograms of the 3F polymer 
Although, only low molecular weight was achieved with the 3F polymer the glass 
transition temperature of the material was quite high. It had a glass transition temperature of 
275 °C, see Figure 26. This was substantially highly than the 6F polymer when comparing 
the molecular weights that were used to determine the T g_ At the same molecular weight, the 
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6F polymer's Tg was only 180 ° C. The 6F polymer reached its critical molecular weight at 
13,000 g/mol, at this molecularweight_the Tg was 250 °C. The Tg oftlie 3F polymer should 
also continue _to increase until the critical molecular weight of the polymer is reached. The 
large difference between the two Tg's can be explained by the addition of the phenyl group to 
the repeat unit of the polymer. This increases the rigidity of the polymer repeat unit and in 
turn increases the glass transition temperature. 
Thermogravimetric analysis of the 3F polymer, Figure 27, showed 5% weight loss 
values at 515 °C and 520 °C for nitrogen and air, respectively. It also showed 10% 
V) 
220 250 
Tg=275 °C 
280 
Temperature (°C) 
Figure 26. DSC thermogram of the 3F polymer 
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weight loss values at 540 °C in nitrogen and 550 °C in air. The thermal stability of the 3F 
polymer was comparable to the 6F polymer. However, these values for the 3F polymer are 
not optimized considering that the critical molecular weight had not been synthesized. 
With the optimization of the molecular weight these values are expected to rise significantly. 
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Figure 27. TGA thermogram of the 3F polymer 
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GENERAL CONCLUSIONS 
Poly[[l, 1 '-biphenyl]-4,4' -diyl[2,2,2-trifluoro-l-(trifluoromethyl)ethylidene ]] and 
poly[biphenyl-4,4' -diyl(l-phenyl-2,2,2-trifluoroethane-1, 1-diyl)] were successfully prepared 
by the Ni(0)-catalyzed coupling polymerization of 2,2-bis(p-chlorophenyl)-
hexafluoropropane and 1, 1-bis( 4-chlorophenyl)-2,2,2-trifluoro-l-phenylethane, respectively. 
This unique polymerization technique has allowed for the synthesis of two new materials. 
These new materials and the study of their properties have isolated the enhancing effects of 
trifluoromethyl groups within polymers. Both of these unique polymers and their properties 
can be used as a comparison to other polymers that have incorporated the 
hexafloroisopropylidene linkage. The 6F polymer is especially useful, it specifically 
separates out the properties attributed to the hexafluoroisopropylidene linkage from other 
functionalities contained within a polymer. Ultimately, it leads to the ability to assess the 
extent of the property enhancing effects ofHFIP. 
The 6F polymer has even greater potential as a useful commercial material. 
Poly[[l, 1 '-biphenyl]-4,4 '-diyl[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene ]] exhibits 
excellent thermal and thermooxidative stability. The combination of its· thermal stability, 
minimal moisture absorption, and low dielectric constant indicates that this material and its 
analogues are promising for electronic applications. The fire resistance testing shows that 
this new polymer is comparable with other polymers in its class and exceeds present FAA 
standards. The 6F polymer has a high free volume and is very gas-permeable for an 
aromatic, glassy polymer. Selectivity values for some gas pairs (O2/N2 and CO2/CH4) are 
near the upper bound limits as suggested by Robeson. The initial gas permeability 
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measurements suggest a high affinity for carbon dioxide relative to other gases. With its high 
thermal stability and impressive Robeson values for the separation of gas pairs this polymer 
could also find use as a high temperature membrane. 
Acetylene crosslinking groups were successfully incorporated into the _6F polymer. 
These groups are critical to the industrial use of the polymer. With crosslinking capabilities, 
the polymer can be processed and then crosslinked. This would· ensure chemical inertness. · 
This last feature of the 6F polymer makes it even more desirable to the electronics industry. 
It could conceivably be used as a photoresist. 
Poly[biphenyl-4,4' -diyl( 1-phenyl-2,2,2-trifluoroethane-1, 1-diyl)] also had impressive 
thermal properties. Even with its lower molecular weight, its glass transition temperature 
and polymer decomposition temperatures are higher than the 6F polymer. However, because 
of its low molecular weight, films could not be formed. Without film formation, the gas 
permeability measurements could not be taken. The lower molecular weight also hindered 
testing for its flame retardance. It is anticipated, that with new synthetic methods being 
constantly developed that high molecular weight 3F polymer also will be synthesized. If 
high molecular weight could be achieved using the same chemistry that was used to 
incorporate crosslinking groups into-the 6F polymer, it would have an excellent chance of 
being useful to the electronics industry. 
The initial success of the 6F polymer and the incorporation of a crosslinking group 
leads to many other possible polymer structures. A variety of perfluoroalkyl flexible 
linkages could be used to replace the HFIP group of the 6F polymer. This would allow for a 
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complete study of the enhancing effects of the trifluoromethyl group. In addition to this 
future work, HFIP styrenic derivatives could also be prepared and free radically polymerized. 
Finally, work on a solid support catalyst systems would enhance the feasibility of industrially 
producing these types of transition metal-catalyzed polymers. 
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61 
36-
. Melting_f)t-60.07 
.30 
25: 
19.2 +---r-----.------.----,----.------.----.---------,,---~--~ 
27:5 30 40:. 45- {50_ 55: 74 
Temperature ("C) 
Melting point of 6F monomer 
62 
I I 
8.4 8.2 8.0 7.8. 7.6 7.4 · 7.2 7.0 6.8 ppm 
Proton NMR of 6F monomer 
63 
I I I 
200 180 160 140 120 1.00 80 60 40 20 
Carbon NMR of 6F polymer 
64 
Crystallization solvent( s): 
Theoretical weight percents (we can calculate these for you If you wish): 
%N= ___ _ %8= ___ _ 
,.-, 
Number of runs requested ...::::=:. You are charged lor each run. If you wish, save money 
and sample by just requesting one. For critical work you might want to request two or more runs. 
Check here _ if you absolutely require %8. This Is not the normal 
configuration of the instrument, and you may have to wait a couple of weeks for these results. Check 
here · If you would like a CHN analysis prior to the CHNS analysis. You will be charged for each 
run. 
Special combustion conditions (If you have information that would help us get better 
results on your sample, use this space, or attach the information to this form): _______ _ 
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Proton NMR of 3F dial 
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Carbon NMR of 3F diol 
69 
Sample ID: --P-'v'-""C<.-.... h..__-...... 
I 
Formula: _C __ zo~J~'11 ..... r-'-l~'2~f=5 ___ _ 
Crystallization solvent(s): CJ-/2 c_p, (a111.tk1ir 1d, u c,i.l__lfl-1cu ) 
Theoretical weight percents {we can calculate these tor you if you wish): 
%S= ----
Number of runs. requested You are charged 1or each run. 11 you wish, save money 
and sample by just requesting one. For critical work you might want to request two or more runs. 
Check here _ if you absolutely require %S. This is not the normal 
configuration ol the instrument, and you may have to wait a couple of weeks for these results. Check 
here _ if you would like a CHN analysis prior to the CHNS analysis. You will be charged for each 
run. 
Special combustion conditions (If you have information that would help us get better 
results on your sample, use this space,· or attach the information to this form): _______ _ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
*************************•*********************** 
RESULTS 
#1 #2 #3 AVG 
%C 6 ?-J 6'j 69.7/ 6 -.'? ·-, ' '•, v 
%H :f, l- 6 J./-,\ 'i -3/, )-s-
%N O·Q2-.. 0-C"' 
%S 
Elemental analysis of 3F diol 
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Sample ID: __ u ..... a ...... h ..... -_12=--1/- -Formula: C2 0H1r 02 fi 
J 
Crystallization solvent(s): CJ/z Oz (1rn~_tti4v,u,,g u C.JJ..lli1cU.. J 
Theoretical weight percents (we can calculate these tor you if you wish): 
%S= ----
Number of runs requested You are charged tor each run. 11 you wish, save money 
and sample by just requesting one. For critical work you might want to request two or more runs. 
Check- here - if you absolutely require %S. This is not the normal 
configuration ol the instrument, and you may have to wait a couple of weeks for these results. Check 
here_·_ ii you would like a CHN analysis prior to the CHNS analysis. You will be charged for each 
run. 
Special combustion conditions {If you have information that would help us get better 
results on your sample, use this space, or attach the information to this form): ______ _ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
RESULTS 
#1 #2 #3 AVG 
%C 6 <?< 6j £9.1/ 6 ,.') . ., I •• ( u 
%H j', l-6 ~-~'f -1/, j-.s-
%N a .. a~ e-c .. 
%S 
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Melting point of 3F monomer 
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Proton NMR of 3F monomer 
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Carbon NMR of 3F monomer 
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Sample ID: fO,--b- 12.&r 
Crystallization solvent(s): 
75 
Formula: C 2Q J-1- 1'?>()2 F'6 
W/NJJJ1LS 
Theoretical weight percents (we can calculate these for you if you' wish): 
%S= ----
Number of runs requested You are charged for each run. 11 you wish, save money 
and sample by just requesting one. For critical work _you. might want to request two or more runs. 
Check here _ if you absolutely require %S. This is not the normal 
configuration of the instrument, and you may have to wait a couple of weeks for these results. Check 
here ii you would like a CHN analysis prior to the CHNS analysis. You will be charged for each 
run. 
Special combustion conditions (If you have Information that would help us get better 
results on your sample, use this space, or attach the information to this form)'. _______ _ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
RESULTS 
#1 #2 #3 AVG 
%C 6/,75- &/. IJ (..I- S'Lf 
%H 3, 76 1-?6 ><( 
%N a, :;:, t Q, ,:,,1.-- O· u 
%S 
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Perkin-Elmer Thermal Analysis 
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Proton NMR of 3F triflate 
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Carbon NMR of 3F triflate 
80 
Theoretical weight percents {we can calculate these for you If you wish): 
%C= lf:J.L/1 %H= ?--IS- %N= __ _ %S= ___ _ 
Number of runs requested :i--:--vou are charged ibr each run. If you wish, save money and 
sample by just requesting one. For critical wort you might want to request two or more Nns. 
Check here_ if you absolutely require %S. This is not the normal configuration of the 
instrument, and you may have to wait a couple of weeks for these results. Check here _ if you would like a 
CHN analysis prior to the CHNS analysis. You wilt be charged for each nm . 
. Special combustion conditions (d you have information that would help us get better results on your 
sample, use this space, or attach the information to this form}: _______________ _ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
RESULTS 
#1 #2 #3 AVG 
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Proton NMR of 6F triflate 
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Carbon NMR of 6F triflate 
85 
IJ?j 3 /V_v cP?-~0-4:?)-f-0-oi'-"s /I O r r 
Sample ID: Fl _ (,,W o Formufa: _;;l-;.:..,f;_!,.,___rJ ___ C--'-1-17_,___,_J_,..s?'---0"""--::>=2.._r___,_1_,_1_ 
C !' . Crystallization solvent(s): __ ....,,("'"'] .... l. .,lQv~· '"""1,--"--1...~o~/'-------------
Theoretical weight percents (we can calculate these for you if you wish): 
%C= Fl of ¾H= /.Jt/ ¾N= ---- %S= ___ _ 
Number of runs requested .:.z._, You are charged lbr each run. If you wish, save money and 
sample by just requesting one. For critical work. you might want to request two or more runs. 
Check here _-_ if you absolutely require %S. This is not the normal configuration of the 
instrument, and you may have to wait a couple of weeks for these results. Check here __ if you would like a 
. CHN analysis prior to the CHNS analysis. You will be charged for each run. · 
Special combustion conditions (if you have information that would help us get better results on your 
sample, use this space, or attach the infonnation to this form): ________________ _ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
RESULTS 
#1 #2 #3 AVG 
%C JJ-?? 
%H /. f6 
%N 
%S 
Elemental analysis of 6F triflate 
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Proton NMR of protected crosslinking 6F monomer 
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Carbon NMR of protected crosslinking 6F monomer 
89 
r I IUI I.;;. --'-f+---_,./.._..fs__.J'-)..__ ___ _ 
Sample ID: f111J.) -01// 
' 
Formula: C.)s- /-fn;; /7: .s;,· 2-
Crystallization solvent(s): _.f!~M<4 ........ ~-""""''./ _________ _ 
Theoretical weight percents (we can calculate these for you if you wish): 
%S= ----
Number of runs requested c:L. You are charged for each run. The default is two. 
Check here - if you absolutely require %S. This is not the normal configuration of the instrument, C 
you may have to wait a couple of weeks for these results. Check here_ if you would like a CHN analysis prior to the 
CHNS analysis. You will be charged for each run. 
Special combustion conditions (if you have literature references or other specific information that would hel1 
get better results on your sample, use this space, or attach the information to this form): _________ _ 
************************************************************************************ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
************************************************************************************ 
RESULTS 
#1 #2 #3 #4 AVG 
%C 6e- :'t7 6e 36 
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%S ., r,;, . • -:, 
Elemental analysis of protected crosslinking 6F monomer 
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Carbon NMR of crosslinking 6F monomer 
93 
Sample ID: fPJ1 ,)-oy Y 
Crystallization solvent( s): 
Formula: C;q l-/;o F~ 
/2nOML 
Theoretical weight percents (we.can calculate these for you if you wish): 
%C= 6>/.78- %H= J..-,rb %N= __ _ %S= ----
Number of runs requested ~OU are charged for each run. The default is two. 
Check here _ if you absolutely require %S. This is not the normal configuration of the instrument, and 
you may have to wait a couple of weeks for these results. Check here_ if you would like a CHN analysis prior to the 
CHNS analysis. You will be charged for each run. 
Special combustion conditions (if you have literature references or other specific information that would help U! 
get better results on your sample, use this space, or attach the information to this form): __________ _ 
************************************************************************************ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
************************************************************************************ 
RESULTS 
#1 #2 #3 #4 AVG 
%C 67, 6S: 6,,1.f, 71 
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Proton NMR of 6F polymer -
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Carbon NMR of 6F polymer 
97 
~,.., u •' I 'f't l- J•-;"1 f_l )_ 
Formula:0 tC 1:S l-\ i ~4? 7 U: 
Crystallization solvent{s): 
Theoretical weight percents (we can calculate these for you if you wish}: 
%S= ___ _ 
Number of runs requested :J-:· You are charged for each run. II you wish, save money 
and sample by just requesting one. For critical work you might want to request two or more runs. 
Check here - if you absolutely require %S. This Is nol the nonnal 
configuration of the instrument, and you may have to wall a couple of weeks for these results. Check 
. here_ if you would like a CHN analysis prior to the CHNS analysis. You will be charged for each 
run. 
Special combustion conditions (If you have information that would help us gel better 
results on your sample, use this space, or attach the Information to this form): ______ _ 
* * * * * • * • * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * * * * * * * * * * * * 
RATES: CHN = $11.00 per run . CHNS = $15.50 per run 
RESULTS 
#1 #2 #3 AVG 
%C 6 Q- s:41 60-JI 6 0. -3/7 
%H -;i, '71. 2,7.S- ?.-73 
%N 0- p) 0 . .-J:i t2 
%S 
Elemental analysis of 6F polymer 
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Sample ID: ~). -Ol/S--
1 
Formula: __ C,....a/-r1-n_,o_h_(,., __ _ 
Crystallization solvent(s): 
Theoretical weight percents (we can calculate these for you if you wish): 
%N= ---- %S= ___ _ 
Number of runs requested.)---:- You are charged for each run. The default is two. 
Check her~f you absolutely require %S. This is not the normal configuration of the instrument, and 
you may have~; couple of weeks for these results. Check here_ if you would like a CHN analysis prior to the 
CHNS analysis. You will be charged for each run. 
- -
Special combustion conditions (if you have literature references or other specific information that would help us 
get better results on your sample, use this space, or attach the information to this form): __________ _ 
************************************************************************************ 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
************************************************************************************ 
RESULTS 
#1 #2 #3 #4 AVG 
%C .5.P-S£. 58'"-C/7 
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%N /,"f-7 1-3/r 
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Sample ID: ~6 H"l-- Oo f, 
Crystallization solvent( s): 
Theoretical weight percents (we can calculate these for you if you wish): 
%H= ::½ .i.1- %N= ---- %S= ----
Number of runs requested ---2::_. You are charged for each run. The default is two. 
Check here - if you absolutely require %S. This is not the normal configuration of the instrument, and 
you may have to wait a couple of weeks for these results. Check here_ if you would like a CHN analysis prior to the 
CHNS analysis. You will be charged for each run. 
Special combustion conditions (if you have literature references or other specific information that would help us 
get better results on your sample, use this space, or attach the information to this form): __________ _ 
*****************************1rlr*****************'lrlt********************************** 
RATES: CHN = $11.00 per run CHNS = $15.50 per run 
********************************************************~*************************** 
RESULTS 
#1 #2 #3 #4 AVG 
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NP: 5586 Mw: 6166 Mn: 3606 
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